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GROWTH AND DE\TELOPMENT 
With Special Reference to Domestic A,,·imals 
XXXIII. Efficiency of Work in Horses of 
Different Ages and Body Weights 
ROBERT C. PROCTER,* SAMUEL BRODY, MACK M. JONES 
AND D. W. CHITTENDEN 
ABSTRACT.-A simple method is described for measuring the energy 
cost of work in horses. Data are presented on the energy cost of pulling graded 
loads at different speeds on a horizontal plane (treadmill). A large Percheron 
gelding, a Percheron colt and two Shetland ponies were employed in this work. 
I t is shown that the gross or overall energetic efficiency of work under these 
conditions increases with increasing rate of work approaching an efficiency 
of 25% as a limit. If the overhead cost of standing at rest and of walking 
is deducted from the total energy expense then the resulting absolute efficiency 
is practically constant, and is of the order of 34%. It is shown that while 
the overall efficiency of work in large and small horses is the same if they are 
doing work at rates proportional to their body weights, yet the greater mainte-
nance cost of large animals when at rest results in a relatively greater feed 
cost in larger animals, and, therefore, lower net efficiency. The detailed 
numerical data as well as graphs and equations relating the variables are 
presented for energy metabolism and cardiorespiratory activities. 
INTRODUCTION 
This is the first of three preliminary reports concerned with the 
efficiency of energy transformation in domestic animals, with special 
reference to the influence of live weight of the animals on their efficiencies. 
This paper is concerned with the efficiency of work in horses, while the 
following two papers will be concerned with the efficiencies of milk pro-
duction in dairy cattle and egg production in domestic fowls. 
While collecting data on energetic efficiency of work, incidental data 
such as puke rate, respiration rate etc., were accumulated and they 
are for convenience presented here together with the efficiency data. 
ANIMALS 
We consider this paper as preliminary partly on account of the 
small number of animals available for these experiments. However, 
the arlimals measured represent sufficiently wide ranges in live weight 
and age, and the data are sufficiently reproducible to make the results 
of interest. The description of the four animals follows: 
·Thi. paper include. in part material contained in a the.i. prepared by R. C. Procter. 
Paper 78 in the Herman Frasch Foundation Series 
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Approximate 
Breed Sex Age Live Weight No. 
Percheron Male (Castrated) 4.0 yrs. 1500 lbs. 19 
Percheron Male (Normal) 10 months 1046 lbs. 37 
Shetland Pony Female 4 yrs. 600 lbs. 2 
Shetland Pony lVlale (Castrated) 2 yrs. 600 lbs. 3 
Number 19 is a regular farm work-horse thoroughly habituated to 
heavy labor; number 37 has not, of course, worked before. Pony number 
2 worked previously on a farm. Pony number 3 has not previously 
worked. Both ponies, particularly number 2, are sturdy animals. Fig. 
1 is a photograph of horses 19 and 2. 
Fig. 1.-A photograph of Horse 19 and Pony 2 which furnished the bulk of the data. 
METHODS 
The energy expenses of rest and work were measured by the closed-
circuit oxygen-consumption method previously described in Missouri 
Research Bulletin 143. The conventional heat equivalent of oxygen 
of 4.825 Calories per liter was employed, which may involve an error 
of about 3 per cent, which is, of course, entirely within the limits of the 
experimental errors. 
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Fig. 3.-Photographs of set-up used for securing the data. 
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The work accomplished was measured with the aid of a treadmill 
and accessories. Originally the animal actuated the tread of the tread-
mill with a rotary gear oil pump attached to act as a self-adjusting load 
on the mill as sketched in Figure 2. In this sketch the horse is seen to· 
be hitched to a known weight by means of a rope and pulleys keeping 
the weight lifted as he walks, and, of course, moving the endless apron, 
or tread, of the treadmill under his feet. The treadmill is seen to be 
connected by gears, chains, and sprockets to the rotary-gear oil pump 
so that whenever the tread moves it turns the pump. The pump draws 
oil from a reservoir and forces it through a throttle valve back into the 
reservoir. The pump being of the positive-displacement type, locks 
whenever the valve in the pump-discharge pipe is closed, and hence 
the treadmill also locks (since the pump is positively driven from the 
treadmill). The va]ve is connected to the weight in such a manner that 
when the weight is down the valve is closed, and when the weight is 
lifted the valve opens. "'hen the horse starts to pull, the mill is locked; 
but as the weight is lifted, the valve begins to open, and the tread and 
pump begin to turn. The position of the valve becomes stabilizect at the 
point where the work required to drive the pump just equals that done 
by the animal on the treadmill after overcoming the friction in the mill 
and gearing between the mill and pump. 
The oil pump idea was given up after some trials on account of 
excessive friction in the parts of the treadmill; difficulty of maintaining 
constant speeds; with lighter loads, the horse exerted scarcely enough 
force to drive the mill and pump even when the valve was wide open. 
The method finally adopted was to actuate the mill with a 5-
horse-power induction motor. The motor was belted to the treadmill by 
pulleys of appropriate sizes to give the desired speeds. In the case of 
light loads, the motor supplied any force required over and above that 
exerted by the animal to keep the apron going at the desired speed. 
For the heavier loads, where the force exerted by the animal was more 
than sufficient to overcome the friction in the mill, the mill speeded up 
slightly thus driving the induction motor above synchronous speed 
when it immediately began to act as a generator feeding electric energy 
back into the power line. 
Fig. 3 illustrates the set-up as finally adopted. 
DATA 
The four animals pulled a series of loads on the horizon tal treadmill 
apron (Figs. 2 and 3) with the results shown in Tables 1, 2, 3, and 4. 
Tables 1 and 2 preseJ1t the averages of data, while tables 3 and 4 present 
the statistical constants of the data. Tables 1 and 3 are for the 1500 
pound gelding; while tables 2 and 4 are for the ponies and colt. It is 
...... 
o 
TABLE l.*-DATA FOR PERCHERON GELDING No. 19. AGE 434' YEARS. 
~A) Walking at 1.15 miles per h.our (30.85 meters per minute). B.ody weight 1514 lb •• (687 kgs.) 
Energr. Output, 
Ca ./hr. 
Energy Expense, 
Cal./hr. Efficiency .of W.ork' % Cardi.orespirat.ory Activities Rati.os 
Ro.om 
H.P. Temp. 
Expt. Draft Ow ... 0. O.E. N.E. A.E. Puhe- Respi- Ventila- -- °c 
lbs. (Work . H.P. 00 On (Abso- (Overall (Net (Abao- rate ration Tidal ~.i.on rate, M lbs. Draft 
accom- ~Horse- (Overall (Net lute effi- effi- lute effi- per rate per Air litera per (M=wt. --
plished) ower) energy) energy) energy) ciency) ciency) ciency) min. min. Liters min. of horae) M lbs. 00/0. 
Standing 0 
---- ----
548 
- - -- -- -- - --- ---- ----
36 .8 10.6 9.68 103 
------- -- --
1.00 16 
Walking 0 
- - -- - - - -
1174 626 
- - -- - - -- ---- ----
41.3 26.7 8.74 233 
------- ----
2.14 16 
W.orking 50 98 0.15 1383 835 209 7.1 11.7 46.9 40.4 31.2 8.61 269 .000099 .033 2.52 14 
W.orking 75 147 0.23 1558 1010 384 9.4 14.6 38.3 40.4 32.7 8.87 2QO .000152 .050 2.84 16 
W.orking 100 197 0 . 31 1698 1150 524 11.6 17.1 37 .6 42.0 31.8 9.32 296 .000.205 .066 3.10 16 
Standing 0 
- - -- -- --
637 
-- -- ---- ---- ---- ----
45.8 17.3 7.94 137 
------- ----
1.00 28 
Walking 0 
- - -- - - - -
1163 526 
- - -- -- -- ---- -- --
47.0 35.5 7.87 279 
------- ----
I. 83 28 
W.orking 125 246 0 . 38 1930 1293 767 12.7 19.0 32.1 51.1 35.4 10.13 359 .000251 .083 3.03 28 
W.orking 150 295 0.46 1980 1343 817 14.9 22.0 36.1 52.9 35.1 10.11 355 .000304 .099 3.11 28 
W.orking 175 344 0.54 2117 1480 954 16.2 23.2 36.1 '"51-.2 35.4 10.80 382 .000357 .116 3.32 28 
W.orking 200 393 0.61 2262 16'25 1099 17.4 24.2 35.8 53.2 33.8 10.93 369 .000403 .132 3.55 29 
W.orking 225 442 0.69 2362 1725 1199 18.7 25.6 36.9 53 .3 36.1 10 .89 393 .000456 .149 3.71 29 
W.orking 250 492 0.77 2487 1850 1324 19 . 8 26 .6 37.2 54.9 36.4 11.13 405 .000509 .165 3.90 28 
W.orking 275 541 0.84 2752 2115 1589 19.7 25.6 34.0 55 .3 36.8 11.92 439 .000555 .182 4.32 27 
W.orking 300 590 0.92 2824 2187 1661 20.9 27.0 35.5 57.3 37.2 12.03 448 .000608 .198 4.43 27 
Working 325 639 1.00 3095 2458 1932 20.6 26 .0 33.1 58.4- 37.4 12.18 455 .000661 .215 4.86 27 
Working 350 688 1.07 3404- 2767 2241 20.2 24.9 30.7 60.5 3Q .7 12.89 512 .000707 .231 5.34 28 
Working 375 737 1.15 3577 2940 2414 20.6 25.1 30.5 61.4 39.7 13.16 523 .000760 .248 5.62 28 
W.orking 400 787 1.23 3770 3133 2607 20.9 25.1 30.2 65.0 40 . 1 13.46 540 .000812 .264 5.92 27 
Working 425 836 1.30 3999 3362 2836 20 .9 24.9 29.5 66.0 41.4 13.74 569 .000859 .281 6.28 27 
Working 450 885 1.38 3724 3176 2550 23.8 27.9 34.7 60.7 38.0 14.42 548 .000911 .297 6.80 20 
W.orking 475 934 1.46 3939 3391 2765 23.7 27.5 33.8 60.0 38.5 14.20 547 .000964 .314 7.19 20 
W.orking 500 983 1.53 4315 3767 3141 22.8 26.1 31.3 61.5 39.1 14.90 582 .001011 .330 7.87 20 
(B) Walking at 2.2 miles per hour (59.00 meters per minute). Body weight 1530 lba. (694 kg.) 
Energy Output, Energy Expense, 
Ca!./hr. Ca!./hr. Efficiency of Work, % Cardiorespiratory Activities Ratios Room 
Expt. Draft 
H.P. I Draft Temp . lb,. Pulae- Reap. Tidal Venti!. ·C 
Q... .. , H.P. Q Qn Q. O.E. N.E. A.E. rate rate Air rate ~ M Q./Q. 
Standing 0 
---- ----
553 
- - -- ---- ---- ---- ----
40.8 13 .6 8.52 116 
------- ----
1.00 20 
Walking 0 
- - -- -- --
1422 869 
---- ---- ---- ----
43.6 31.9 9.34 298 
------ ----
2.57 22 
Working 50 188 0.29 1850 1297 428 10.2 14.5 43 .9 46.0 39.5 9.70 383 .000190 .033 3.35 22 
Working 75 282 0.44 2042 1489 620 13.8 18 .9 45.4 46.8 40.4 10.23 413 .000288 .049 3.69 22 
Working 100 376 0.59 2368 1815 946 15 .9 20.7 39 .7 47.2 38.5 10.93 421 .000386 .065 4.28 22 
Standing 0 
---- ----
670 
- - --
---- ---- ---- ----
43.2 16 .8 7.98 134 
------- ----
1.00 28 
Walking 0 
---- ----
1607 937 
-- -- -- -- - - -- -- --
46 .8 36.9 8.59 317 
------- ----
2.40 28 
Working 125 470 0.73 2908 2238 1301 16.2 21.0 36 .1 54.4 39.4 11.33 446 .()()()477 .082 4 . 34 28 
Working 150 564 0.88 3113 2443 1506 18 . 1 23 . 1 37.5 56.6 39.6 12.25 485 .000575 .098 4.65 28 
Working 175 658 1.03 3350 2680 1743 19.6 24.6 37.8 57.1 39.4 12.63 498 .000673 .114 5 .00 28 
Working 200 752 1.17 3651 2981 2044 20.6 25.2 36 .8 61.6 39.7 12.61 500 .000765 .131 5.45 28 
Working 225 846 1.32 4031 3361 2424 21.0 25.2 34.9 62.1 39.4 13.28 . 523 .000863 .147 6.02 27 
Working 250 941 1.47 4232 3562 2625 22.2 26A 35.8 64A 41.7 14.23 593 .000961 .163 6.32 27 
Working 275 1035 1.61 4650 3980 3043 22.3 26.0 34.0 66.9 41.9 14.34 601 .001052 .180 6.94 28 
Working 300 1129 1.76 5008 4338 3401 22.5 26 .0 33.2 66.6 41.8 14.42 602 .001150 .196 7.47 28 
Working 325 1223 1. 91 5400 4730 3793 22.6 25 .9 32.2 63.3 47.7 14.16 675 .001248 .212 8.06 27 
Working 350 1317 2.05 5651 4981 4044 23.3 26.4 32.6 69.2 47.3 14.90 704 .001340 .229 8.43 27 
Working 375 1411 2.20 5752 5082 4145 24.5 27.8 34.0 69.5 47 A 15 .35 727 .001438 .245 8.59 27 
Working 400 1505 2.35 6337 5667 4730 23.7 26.6 31.8 73.0 50.4 16.22 818 .001536 .261 9.4>6 27 
(C) Walking at 3.1 miles per hour (83.15 meters per minute). Body weight 1558 lbs. (707 kg.) 
I Energy OutP\lt, Energy Expe nse, 
Ca!./hr. Ca!./hr. Efficiency of Work, % Cardiorespira tory Activi ties Ratio. 
Room 
Expt. Draft Pulse- Reap. Tidal Venti!. H.P. Draft Temp. 
Ibs. Q •.•. H.P. Q. Qn Q. O.E. N.E. A.E. rate rate Air rate """M M Q./Q. ·C 
--
Standing 0 
- - -- ----
531 
- - - - ---- -- -- ---- ----
42.7 11.5 8.98 103 
------ - ----
1.00 17 
Walking 0 
- - - - - - --
1845 1314 
--- - -- -- - --- ----
44.8 39.2 IO.M 417 
------- --- -
3.47 18 
Working 50 265 0.41 2256 1725 411 11.7 15.4 64.5 43.2 45.5 11.77 526 .000263 .032 4.25 17 
Working 75 398 0.62 2623 2092 778 15.2 19.0 51.2 45.0 41.7 12.23 510 .000398 .048 4.94 16 
Working 100 530 0.83 2915 2384 1070 18.2 22.2 49 .5 47.0 41.0 12 .60 516 .000533 .064 5.49 17 
Standing 0 
- - - - ----
705 
- - - - ---- ---- ---- ----
44.2 17.6 7.85 136 
-------
----
t.OO 27 
Walking 0 
- - - - - - --
2130 1425 
- - -- - - -- - --- --- -
51.4 48.1 9.73 468 
------- ----
3.02 27 
Working 125 663 1.03 3859 3154 1729 17.2 21.0 38.3 56 .6 47.2 12.67 598 .000661 .080 5.47 27 
Working 150 795 1.24 4320 3615 2190 18.4 22 .0 36.3 58.7 46 .3 13.23 613 .000796 .096 6.13 27 
Working 175 928 1.45 4523 3818 2393 20.5 24 .3 38.8 60.9 47.2 13 .29 627 .000931 .112 6.42 27 
Working 200 1061 1.65 4833 4128 2703 22 .0 25 .7 39.3 59.6 46 .7 13.62 636 .001059 .128 6.86 28 
Working 225 1193 1.86 5410 4705 3280 22 .1 25 A 36A 65.7 47.4 14.19 672 .001194 .144 7.67 28 
Working 250 1325 2.07 5800 5095 3670 22.8 26.0 36 . 1 70.0 48.8 13.60 663 .001329 .160 8.23 28 
Working 275 1458 2.27 6271 5566 4141 23 .2 26.2 35.2 67 A 50.0 14.21 711 .001457 .176 8.90 28 
Working 300 1590 2.48 6719 6014 4589 23 .7 26.4 34 .6 66 .8 48.2 15.45 744 .001592 .193 9.53 28 
Working 325 1723 2.69 7029 6324 4899 24.5 27.2 35 .2 70A 48.3 16.03 774 .001727 .209 9.97 27 
Working 350 1855 2.89 7416 6711 5286 25 .0 27.6 35.1 74.4 48.9 16.13 788 .001859 .225 10.52 27 
Working 375 1988 3. 10 7997 7292 5867 24 .9 27.3 33 .9 74 . 3 49.8 16.52 823 .001990 .l41 11.34 28 
Working 400 2120 3. 31 8699 7994 6569 24.4 26.5 32.3 85.3 49.8 18.48 921 .002125 .257 12.34 23 
*See page 18 for method of lecuring data. 
Expt. 
Standing 
Walking 
Working 
Working 
Working 
Working 
Working 
Working 
Working 
Expt. 
---
Standing 
W 
W 
W 
W 
W 
alking 
or king 
orking 
orking 
orking 
Working 
W orking 
TABLE 2.-DATA FOR SHETLAND PONIES AND PERCHERON COLT. 
(A) Shetland Pony No 2 ~ Age 4 years. Weight 586 Ibs . (266 kgs.). Walking at 1.15 miles per hour (30.85 meters per minute) 
Energy Output, Energy Expense, 
Cal./hr. Cal. /hr. Efficiency of Work, % Cardiorespiratory Activities Ratios 
--H.P. Draft Ow.a Qa O.E. N.E. A.E. Pulse- Respi- Ventila-
Ibs . (Work H .P. Qo Qn (Abso- (Overall (Net (Abso- rate ration Tidal tion rate- M Ibs. Draft 
accom- (Horse- (Overa\1 (Net lute effi- effi- lute effi- p~r rate. per Air liter~ per (M/wt. --
plished) Power) energy) energy) energy) ciency) ciency) ciency) mm. min. Liters min. of horse) M Ibs. Qo/Q. 
0 
---- ----
241 
-- -- ---- - ---
---- ----
40 . 3 14.7 5.50 81 ------ -- -- 1.00 
0 
-- -- - ---
527 286 
---- -- -- ---- - - --
43.4 21.5 5.67 122 ------- -- -- 2.19 
25 49 0.08 659 418 132 7.4 11.7 37.1 46.4 24 . 0 6.00 144 .000137 .043 2.73 
50 98 0.15 820 579 293 12 .0 16.9 33.4 46.4 28.4 6 .06 172 .000256 . 085 3 .41 
75 147 0 .23 927 686 400 15 .9 21.4 36.8 49 . 2 33.7 5 .90 199 .000392 .128 3 . 85 
100 197 0 . 31 1056 815 529 18.7 24.2 37.2 51.2 36.1 6 .26 226 .000529 .171 4 .38 
125 246 0.38 1283 1042 756 19.2 23.6 32.5 57.2 40.7 6 .96 283 .000648 .213 5 . 32 
150 295 0 .46 1518 1277 991 19 .4 23.1 29.8 60.0 38.7 7 . 32 283 .000'l85 .256 6.30 
175 344 0 . 54 1575 1334 1048 21.8 25 . 8 32.8 60.4 44 . 6 7 .44 332 .000921 .299 6.54 
(B) Shetland Pony No. 2 ~ Age 4 years. Weight 600 Ibs. (272 kg.). Walking at 2.2 miles per hour (59.00 meters per minute). 
Energy Output, Energy Expense, 
Efficiency of Work , % Cal. hr. Cal. / hr. Cardiorespiratory Activities Ratios 
Draft --
Ibs . Pulse- Resp. Tidal Ventil. H.P. Draft Q' • H.P. Qc Qn Qa O.E. N.E. A.E . rate rate Air rate ~ M Qc/Q. WI 
--
0 
- --- ----
261 
-- -- ---- ---- ---- -- --
39.4 12 .6 5.21 65 
------- ----
1.00 
0 
--- - ----
637 376 
---- - - -- ---- ----
43.4 20.9 5 .64 118 
------- - - --
2.44 
25 94 0.15 839 578 202 11.2 16.3 46.5 46.1 27.5 5 .63 155 .000250 .042 3.21 
50 188 0 .29 1073 812 436 17.5 23.2 43 . 1 50.2 33.5 5 .96 200 .000483 .083 4 . 11 
75 282 0.44 1362 1101 725 20 . 7 25.6 38.9 53.9 40.2 5.97 240 .000733 .125 5 . 22 
100 376 0.59 1665 1404 1028 22.6 26 . 8 36 .6 61.3 42 . 2 6 . 58 278 .000983 .167 6.38 
175 470 0 . 73 2092 1831 1455 22 . 5 25.7 32 . 3 60.7 41.9 7 . 60 319 .001217 .208 8 .02 
150 564 0 . 88 2533 2272 1896 22.3 24.8 29 . 7 69.8 46 . 5 7 . 82 364 .001467 . 250 9.71 
-N 
Room 
Temp. 
°C 
--
17 
16 
14 
14 
14 
16 
17 
20 
20 
Room 
Temp-
°C 
--
16 
16 
16 
l7 
17 
17 
15 
15 
(C) Shetland Pony No.3 CJI. Age 2 yean. Weight 614 lb •. (279 kg •. ). Walking at 1.15 miles per hour (30.85 meters per minute). 
, 
Energy Output, Energy Expense, 
Ca!./hr. Ca!./hr. Efficiency of Work, % Cardiorespira tory Activities Ratios 
H.P. Draft Room Expt. Draft Pulse- Resp. 'tidal Venti!. Temp_ 
lbs. Q ...... H .P . Qo Qn Q. O.E. N.E. A.E. rate rate Air rate M "M Qo/Q. °C 
St anding 0 
-- - - - ---
257 
- --- ---- - - - - --- - - - - -
42 . 9 16 . 8 5 . 23 88 
------- ----
1.00 13 
Walking 0 
- - - -
----
469 212 
-163 ---- - - -- ---- 43.3 23.1 4 .98 115 --- - --- - --- 1.82 14 Working 25 49 0 .08 632 375 7 .8 13.1 30 . 1 46.5 30.5 4 .91 150 .000130 .041 2.46 13 
Working 50 98 0.15 769 512 300 12 . 7 19.1 32.7 49.4 31.2 5 . 22 163 .000244 .081 2 . C)9 15 
Working 75 147 0 . 23 880 623 411 16 . 7 23 .6 35 . 8 48.6 36 . 1 5.10 184 .000374 . 122 3.42 15 
Working 100 197 0.31 1070 813 601 18.4 24 . 2 32.8 57.7 39 .6 5 .65 224 .000505 .163 4.16 15 
Working 125 246 0.38 1211 954 742 20.3 25 . 8 33 . 2 58 . 3 42 .6 5 . 78 246 .000619 .204 4 . 71 15 
Working 150 295 0.46 1499 1242 1030 19.7 23 . 8 28 . 6 64.7 40 .0 6.72 269 .000749 .244 5.83 17 
(Dr Shetland Pony No.3 6'. Age 2 years. Weight 589 lbs. (267 kgs.). Walking at 2.2 miles per hour (59.00 meters per minute). 
Energy Output, Energy Expense, 
Ratios Ca!./hr. Ca!./hr. Efficiency of Work, % Cardiorespiratory Activities 
Expt. Draft H .P. Draft 
Room 
lbs. Pulse- Resp. Tidal Venti!. Temp. 
Q .. ... H.P. Qo Qn Q. O.E. N.E. A.E. rate rate Air rate M M Qo/Q. °C 
Standing 0 
- - -- ----
260 
- - --
---- --- - ----
41.6 14.7 4 .03 59 ------ - -- -- 1.00 13 
Walking 0 
--- - -- - -
560 -300 
- - -- - - -- - - - - ----
47 . 3 28.4 3 .91 III --- -- - - -- -- 2.15 13 
Working 25 94 0 . 15 827 567 267 11.4 16.6 35.2 49 .6 36 . 2 4 .01 145 .000255 .042 3.18 14 
Working 50 188 0 . 29 1120 860 560 16 .8 21.9 33 .6 54.1 41.7 4.33 181 .000492 .085 4.31 13 
Working 75 282 0.44 1401 1141 841 20.1 24.7 33 . 5 60.9 46.1 4.86 224 .000747 .127 5 . 39 13 
Working 100 376 0 . 59 1693 1433 1133 22.2 26 . 2 33 . 2 65 . 7 48.7 5 .97 291 .001002 .170 6 . 51 13 
(E) Percheron Colt No. 376'. Age 10 months. Weight 1052 Ibs. (477 kgs.) . Walking at 2.2 miles per hour (59.00 meters per minute). 
Energr. Output, Energy Expense, 
Ratio. Room Ca . /hr. Ca!./hr. Efficiency of Work, % Cardiorespiratory Activities 
-- Temp. 
Expt. Draft Pulse- Resp. Tidal Venti!. H.P. Draft °C 
lbs. Q ..... H.P Qo Qn Q. O.E. N.E. A.E. rate rate Air rate ~ /M Qo/Q. 
Standing 0 
--- - - ---
550 
- - - - --- -
---- ---- - -- -
51.6 19.7 5 . 83 115 - - ----- ---- 1.00 15 
Walking 0 
----
-- --
1158 608 
- - - - - - - - - -- - - ---
55 . 2 35 . 1 6.06 213 - - -- -- - - - - - 2.11 14 
Working 25 94 0.15 1461 911 303 6.4 10.3 31.0 56.9 40 . 5 6 . 23 252 .000140 . 024 2.66 15 
Working 50 188 0 . 29 1683 1133 525 11.2 16.6 35.8 60.7 45.6 6.34 289 .000276 .048 3 .06 15 
Working 75 282 0.44 1927 1377 769 14.6 20 . 5 36.7 65.4 47.6 6.46 308 . 000418 .071 3.50 16 
Working 100 376 0.59 2221 1671 1063 16.9 22 . 5 35.4 62.0 47.1 6 . 72 316 .000561 .095 4.04 14 
TABLE 3.-STATISTICAL CONSTANTS FOR PERCHERON GELDING No. 19. 
Speed 1.15 miles per hour = 30.85 meters per minute. 
Total Energy Expended, Qo Pulse Rate Tidal Air, Liters 
--------------------------
----Expt. N M tT P~Em V, % N M tT P.Em V, % N M tT P.Em V. % 
------------------
----------
--Standing 5 548 48 :I: 16 8.8 5 36 .8 1.60 :1:0.5 4.4 5 9 . 7 1.13 :1:0 .4 11.7 Walking 5 1174 98 :I: 33 8.4 6 41.3 1.58 :1:0 . 5 3.8 5 8 . 7 0.59 :1:0 . 2 6.7 50 lb •. 10 1383 116 :I: 26 8.4 10 40 .4 120 :1:0.3 3.0 9 8.6 0.51 :1:0 . 1 6.0 75 lb •• 10 1558 137 :I: 31 8.8 10 40.4 1.74 :1:0.4 4.3 10 8.9 0.66 :1:0.2 7.4 100 lb •. 10 1698 131 :I: 30 7.7 10 42 .0 1.55 :1:0.3 3. 7 10 9.3 0 . 77 :1:0.2 8.3 Standing 34 637 92 :I: 11 14 .5 36 45.8 4.00 :1:0 .5 8.7 34 7 .9 0 .61 :1:0 . 1 7 .7 Walking 35 1163 88 :1:10 7.5 36 47.0 3.12 :1:0 .4 6.6 34 7.9 0.52 :1:0.1 6 .6 125 lba. 9 1930 91 :I: 22 4 . 7 9 51.1 4 . 14 :I: 1.0 8.1 10 10 . 1 0 .80 :1:0 . 2 7.9 150 lb •. 9 1980 101 :I: 24 5 . 1 9 52.9 2.98 :1:0.7 5 .6 10 10.1 0.88 :1:0.2 8. 7 175 lbs. 9 2117 86 :I: 20 4 .0 9 51.2 3.43 :1:0.8 6 . 7 9 10 .8 1. 38 :1:0 . 3 12.8 200 lb •. 12 2262 72 :I: 15 3. 2 12 53.2 3.05 :1:0 .6 5 . 7 12 10 .9 0.78 :1:0 . 2 7.2 225 lb •. 13 2362 187 :I: 36 7 .9 13 53 . 3 4.07 :1:0.8 7.6 14 10.9 0 .51 :1:0 . 1 4.7 250 lb •. 13 2487 137 :I: 27 5.5 13 54.9 3.41 :1:0 . 7 6 .2 13 11.1 0 .68 :1:0 . 1 6.1 275 lb •. 8 2752 128 :I: 33 4.7 8 55.3 2 .97 :1:0 .8 5.4 10 11.9 0.74 :1:0 .2 6.2 3001bs. 9 2824 107 :I: 26 3.8 9 57.3 3.09 :1:0 . 7 5.4 10 12 .0 0 . 79 :1:0.2 6 .5 325 Ibs. 15 3095 168 :I: 30 5.4 15 58.4 2.77 :1:0 .5 4.7 18 12 .2 0 .77 :1:0.1 6 .3 350 lb •. 11 3404 306 :I: 65 9 .0 11 60.5 2.87 :1:0.6 4 .7 11 12 .9 1.19 :1:0 .3 9 .2 375 Ibs. 8 3577 257 :I: 65 7.2 8 61.4 2.15 :1:0 .5 3.5 10 13.2 0.84 :1:0.2 6 .4 400 lb •. 6 3770 166 :I: 50 4.4 6 65.0 1.91 :1:0.6 2 .9 9 13 .5 1.06 :1:0.3 7.9 425 Ib,. 7 3999 328 :I: 90 8.2 7 66.0 4.00 :I: 1. 1 6 . 1 7 13.7 1.80 :1:0.5 13 . 1 *450 lb •. 6 3724 208 :I: 63 5.6 6 60.7 4.06 :I: 1. 2 6 . 7 6 14.4 1.04 :1:0 . 3 7.2 *475 lb •. 4 3939 148 :I: 58 3.8 3 60.0 1.63 :1:0.8 2.7 4 14.2 0 .51 :1:0.2 3.6 *500 lb. 4 4315 119 :I: 46 2.8 4 61.5 5 .89 :1:2 . 3 9 .6 4 14 .9 0 .55 :1:0 . 2 3.7 
Speed 2.2 mile. per hour = 59.00 meters per minute. 
Total Energy Expended, Qo Pulse Rate Tidal Air, Liters 
------------------------------Expt. N M tT P.Em V, % N M tT P.Em V, % N M tT P.Em V, % 
----------
----------
----------Standing 5 553 42 :I: 14 7.5 5 40.8 0.98 :1:0 . 3 2.4 5 8.5 0 .68 :1:0.2 8 .0 Walking 5 1422 145 :I: 4Q 10.2 5 43.6 1.96 :1:0.7 4 .5 4 9.3 0 .94 :1:0 . 5 10 . 1 SO Ib,. 5 1849 70 :I: 24 3.8 5 46 .0 1.79 :1:0 .6 3.9 5 9 . 7 0.76 :1:0 . 3 7.8 751b,. 5 2042 52 :I: 18 2.6 5 46 .8 1.60 :1:0 .5 3.4 5 10.2 0.57 :1:0.2 5.6 100Ib,. 5 2368 155 ... 52 6.6 5 47 .2 0.98 :1:0.3 2.1 5 10.9 0.28 :1:0 .1 2.6 Standing 65 670 68 :I: 6 10.1 63 43 . 2 3.72 :1:0 . 3 8.6 34 8.0 1. 37 :1:0.2 17.2 Walking 68 1607 117 :1:10 7.3 63 46 .8 4.17 :1:0.4 8.9 37 8.6 1.20 :1:0.1 14.0 125 Ib,. 8 2908 201 :I: 51 6 .9 8 54.4 3.74 :I: 1. 0 6.9 7 11.3 0.72 :1:0.2 6.4 150 lb •. 10 3113 210 :I: 47 6 .8 10 56 .6 3.07 :1:0.7 5.4 8 12.3 0.87 :1:0.2 7.1 175 Ib,. S 3350 224 :I: 57 6.7 9 57.1 2.11 :1:0.5 3.7 7 12.6 0.91 :1:0 .3 7.2 200 lb •. 10 3651 186 :I: 42 5.1 9 61.6 1.87 :1:0.4 3.0 9 12.6 0.82 :1:0.2 6.5 225 Ib,. 12 4031 256 :I: 52 6.3 12 62.1 4 .25 :1:0.9 6 .8 9 13 . 3 0.70 :1:0 2 5.3 250 lb •. 12 4232 220 :I: 45 5 .2 12 64.4 1.57 :1:0 .3 2 .4 7 14.2 0 .96 :1:0.3 6 .8 275Ib,. 12 4650 254 -:I: 52 5.5 12 66.9 5 . 39 :1:1.1 8.1 7 14 . 3 0.50 :1:0 . 1 3 .5 300 lb •. 9 5008 474 :I: 113 9 .5 9 66 .6 3.86 :1:0.9 5 .8 9 14.4 0.60 :1:0.1 4.2 325 lb •. 6 5400 232 :I: 70 4 .3 6 63 . 3 2. 58 :1:0.8 4.1 7 14.2 0.96 :1:0.3 6 .8 350 lb •. 5 5651 158 :I: 53 2.8 5 69 .2 4.47 :I: 1. 5 6.5 6 14 .9 0.97 :1:0.3 6 .5 375 Ib,. 4 5752 238 :I: 93 4.1 4 69 .5 4.56 :1:1.8 6.6 4 15.4 1.05 :1:0.4 6.9 400 lb •. 6 6337 257 :I: 78 4.1 6 73.0 3.79 :I: 1. 1 5 .2 5 16.2 1. 33 :1:0 .4 8 .2 
Ventilation Rate. Lit./min. 
------
N M tT 
--
--
--5 103 4 . 3 
5 233 31.3 
9 269 27.7 
10 290 30.1 
10 296 28 . 7 
34 138 14.1 
34 279 28 .6 
10 359 47.0 
10 355 26.4 
9 382 39.8 
12 369 25 .0 
14 393 37 .2 
13 406 30 .6 
1-0 439 35.8 
10 448 63.4 
18 455 33.3 
11 512 55.1 
10 523 43.1 9 540 35 . 3 
7 569 69.4 
6 548 47 .5 
4 547 30.4 
4 582 55 .5 
----
P.Em 
--
:I: 2 
:1:11 
:I: 7 
:I: 7 
:I: 7 
:I: 2 
:I: 3 
:1:11 
:I: 6 
:1:10 
:I: 5 
:I: 7 
:I: 6 
:I: 8 
:I: 14 
:I: 5 
:I: 12 
:1:10 
:I: 8 
:I: 19 
:I: 14 
:I: 12 
:I: 22 
V. % 
--
4.2 
13.4 
10 . 3 
10.4 
9.7 
10 . 3 
10 . 3 
13 .1 
7.4 
10. 
6. 
9. 
7. 
8. 
14 . 
7. 
10. 
8. 
6. 
12. 
8. 
5. 
9. 
4 
8 
5 
5 
1 
2 
3 
8 
2 
5 
2 
7 
6 
5 
Ventilation Rate, Lit./min. 
------
----N M tT P.Em V. % 
----------5 116 8.2 :I: 3 7.0 4 298 29 . 7 :I: 12 10 .0 5 383 32.7 :1:11 8.5 5 413 37.4 :1:13 9.1 5 421 39.0 :1:13 9 .3 35 134 19.4 :I: 2 14 .5 36 317 58.2 :1:10 18.4 7 446 27 . 1 :I: 7 6.1 8 485 47.7 :I: 12 9.8 7 4Q8 72.5 :1:20 14.6 9 500 39.9 :1:10 8 .0 9 523 38 .6 :I: Q 7.4 7 5°3 41.5 :1:11 7.0 7 601 39 . 7 :1:11 6 .6 9 602 59.1 :I: 14 9.8 7 675 73.4 :1:20 10 .. 6 7Q4 43.2 :I: 12 6.1 4 727 66.6 :1:26 9.2 5 818 87 .6 :I: 30 10.7 
Total Energy Expended, Q. 
----------
Expt. N M tI' P.E ... V, % 
--
Standing 9 531 51 ='= 12 9.5 
Walking 5 1845 92 ='= 31 5.0 
50 lb •. 5 2256 124 ='= 42 5.5 
75 lb •. 5 2623 99 =*=33 3.8 
100 lb •• 5 2915 296 *100 10.1 
Standing 28 705 64 ='= 8 9.1 
. Walking 27 2130 151 ='= 20 7.1 
125 lb •. 7 38~9 1~ ='= 40 3.7 
150 lb •. 10 43 0 lq2 ='= 53 4.4 
175 lb,. 9 4523 144 ='= 40 3.2 
200 lb •. 12 4833 3q5 *80 8.2 
225 lb •• 7 5410 277 * 76 5.1 
250 lb. 3 5800 87 
- 42 1.5 275Ib,. 7 6271 246 ... 68 3.9 
300 lb,. 8 6719 319 ... 81 4 . 8 
325 lb •. 9 7029 47 
-
11 0.7 
350 lb •. 9 7416 195 
-
47 2.6 
375 lb •. 6 7997 187 ='= 56 2.3 
400 lb •. 61 8699 169 * 51 1.9 
FOOTNOTES: 
N - Number of data poinu repre.ented in average. 
l:X 
M - Mean ... --
N 
1: X I 
tI' - Standard deviation - -- - (Mx)l. 
N 
.6745t1' 
P.E... - Probable error of the mean - --. 
N-l 
tI' 
V. % - Percent variation =- - X 100. 
M 
Speed 3.1 milea per hour ... 83.15 meter. per minute 
Pul.e Rate Tidal Air, Liter. 
------ ------
N M tI' P.E ... V,% N M tI' P.E... 
----------------
9 42.7 3.49 -0.8 8.2 9 9.0 0.95 ='=0.2 
5 44.8 2.71 =,=0. q 6.1 5 10.6 0.39 =,=0.1 
5 43.2 1.25 ='=0.4 2.9 5 11.8 0.50 =,=0.2 
5 45.0 0.89 =,=0 . 3 2.0 5 12.2 0.82 =,=0.3 
5 47.0 3.03 -1.0 6.5 5 12.6 0 . 61 =,=0.2 
28 44.2 2.82 ='=0.4 6.4 26 7.9 1.05 ='=0.1 
28 51.4 4.28 =,=0.6 8.3 27 9.7 1.23 -0.2 
7 56.6 2.11 =,=0 .6 3.7 7 12.7 0.78 =,=0.2 
7 58..7 3.99 ='=1.1 6.8 8 13.2 1.08 =,=0.3 
7 60.9 5.08 ='=1.4 8 . 3 7 13.3 1.02 ='=0.3 
12 59.6 4.08 =,=0.8 6.9 11 13.6 0.71 ='=0.2 
7 65.7 5.92 ='= 1.6 9.0 7 14.2 1.28 =,=0.3 
3 70.0 3.27 ='= 1.6 4.7 3 13.6 0.36 *0.2 
7 67.4 3.30 =,=0.9 4 .9 7 14.2 1.39 ='=0.4 
8 66.8 5.50 ='= 1.4 8.2 8 15.5 0.87 ='=0.2 
9 70.4 3.14 =*=0.8 4.5 10 f6 .0 0.80 =,=0.2 
9 74.4 5.70 ='=1.4 7.7 9 16.1 1.07 ='=0.3 
6 74.3 4 . 44 ='= 1. 3 6 .0 5 16.5 0.98 =,=0.3 
6 85.3 10.34 =,=3.1 12'1 5 18 . 5 1.68 ='=0.6 
--
V,% 
--
10.6 
3.7 
4.3 
6.7 
4.8 
13 .4 
12 .6 
6.1 
8 , 2 
7 . 7 
5.2 
9.0 
2.7 
9.8 
5.6 
5.0 
6 . 7 
5.9 
9.1 
Ventilation Rate, Lit./min. 
----------
N M tI' P.E... V,% 
----------
9 103 6.9 
'" 2 6.7 5 417 24.6 ='= 8 
-
5.9 
5 526 41.6 ='= 14 7.9 
5 510 42 . 1 ='= 14 8 . 2 
5 516 45 . 7 ='= 15 8.9 
26 138 18 . 2 * 3 13.3 
27 468 74 . 5 =*= 10 15.9 
7 598 34 . 1 ='= 9 5 . 7 
8 613 65.9 ='= 17 10.8 
7 627 62.'1 ='= 18 10.2 
11 636 51.1 =*=11 8.0 
7 672 50.8 ='=14 7.6 
3 663 41.9 -20 6.3 
7 711 50.8 ='= 14 7 . 1 
8 744 38.8 ='= 10 5.2 
10 774 53.4 ='= 12 6 .9 
8 788 41.6 ='=11 5.3 
4 823 34 .9 ='= 14 4.2 
5 921 88.1 =*=30 9.6 
-c •• tI 
TABLE 4.-STATISTICAL CONSTANTS FOR PONY No.2. 
Pony No.2-Speed 1.15 mi./hr. = 30.85 meters/min. 
Total Energy Expended, Qo P :Jis(' Rate I Tidal Air, Liters I Ventilation Rat!", Lit./min. 
--
-------------------
---------------------
Expt. N M CT P.Em V, % N M CT P.Em V, % N M CT P.Em V, % N M CT P.Em V,% 
----------
--
--------
----------------
-----
Standing 7 241 30.2 = 8 12 .5 , 7 40.3 1. 89 =0 .5 4.7 7 5.50 0 . 374 =0.10 6.8 7 80.9 11 .95 = 3.3 14 .8 
Walking 7 527 33.0 = 9 6.31 7 43.4 2.75 =0.8 6 . 3 7 5.67 0.534 =0 . 15 9.4 7 122 .4 19.64 = 5.4 16 . 1 
25 5 659 35.7 = 12 5.4 5 46.4 2 . 33 =0.8 5.0 5 6.00 0 .537 =0 . 18 9.0 5 144 .4 26.46 = 8.9 18.3 
50 5 820 38.1 = 13 4 . 61 5 46.4 2.33 =0.8 5.0 5 6.06 0.467 =0 . 16 7.7 5 172 .4 9 . 13 = 3.1 5 .3 
75 5 927 45.2 = 15 4.9 5 49 .2 4.31 = 1. 5 8.8 5 5 .90 0.1 26 =0.04 2 . 1 5 199.2 25.31 = 8.5 12.7 
100 5 1056 72 .6 =24 69
1 
5 51.2 5.31 = 1. 8 10.4 5 6 .26 0 . 233 =0 . 08 3.7 5 225 .6 28.28 = 9.5 12.5 
125 5 1283 54 . 3 = 18 4.2 5 57.2 2.40 =0.8 4.2 5 6.96 0.174 =0.06 2.5 5 283.2 25.86 = 8.7 9.1 
150 5 1518 100.5 =34 6.6 5 60.0 4.38 = 1. 5 7.3 5 7 . 32 0.449 =0 . 15 6 . 1 5 283.2 34.83 =11.7 12.3 
175 5 1575 64.6 =22 4.1 5 60 .4 5.99 =2.0 9 .9 5 7.44 0.344 =0.12 4 . 6 5 332 .2 27,05 = 9.1 8 . 1 
Pony No.3-Speed 1.15 mi. / hr. = 30.85 meters / min. 
Total Energy Expended, Qo Pulse Rate Tidal Air, Liters Ventilation Rate, Lit./min. 
--------
-----------
--------
---------
-CT- 1 P.Em --Expt. N M CT P.Em V,% N M CT P.Em V, % N M CT P.Em V, % N M V, % 
----------------------------------
--
--
--Standing 9 257 31.2 = 7 12.1 9 42.9 5.25 = 1. 3 12 .2 9 5 .23 0 .472 =0.11 c .O 9 88.1 13 . 19 = 3 . 1 15.0 
Walking 9 469 49 .9 = 12 10.6 9 43.3 5.36 = 1. 3 12.4 8 4 .98 0.468 =0 . 12 9.4 8 115 .3 17 .50 = 4.5 15 .2 
25 8 632 54 . 0 =14 8 . 5 8 46 . 5 5 .46 =1.4 11 . 7 8 4.91 0 . 677 =0 . 17 13.8 8 149.8 22.85 = 5 . 8 15.3 
50 7 769 49.5 = 14 6.4 7 49 .4 6.47 = 1.8 13 . 1 5 5 . 22 0 . 392 =0.13 7 .5 5 162.8 24.43 = 8.2 15 .0 
75 7 880 72 . 4 =20 8.2 7 48.6 4 .26 =1. 2 8.8 7 5.10 0.609 =0 . 17 11.9 7 184.4 25.42 = 7 .0 13 . 8 
100 5 1070 21.6 = 7 2.0 6 57.7 7.83 =2 .4 13.6 6 5.65 0 . 350 =0.11 6.2 6 223.7 19.55 = 5.9 8.7 
125 6 1211 72.7 =22 6.0 6 58.3 4 . 58 =1.4 7 .9 6 5.78 0.511 =0.15 8.8 6 246 . 3 31.24 = 9.4 12.7 
150 6 1499 110.4 =33 7.4 6 64.7 5 . 33 =1 .6 8.2 6 6.72 0.748 =0 .23 11.1 6 268 .8 27.57 = 8.3 10 . 3 
Pony No.2-Speed 2.2 mi. / hr. = 59.00 meters / min . 
Total Energy Expended, Qo Pulse Rate Tidal Air, Liters Ventilation Rate, Lit./min . 
------
------
-----------------------------
Expt. N M CT P.Em V, % N M iT P.Em V, % N M iT P.Em V, % N M CT P.Em V, % 
-----
------------------
----------------
Standing 25 261 33.0 = 5 12.6 26 39.4 4.04 =0.5 10 .3 28 5.21 0.583 =0.08 11.2 28 65.4 8 .08 = 1.0 12.4 
Walking 33 637 72 .8 = 9 11.4 34 43.4 3.73 =0.4 8.6 34 5 .64 0.988 =0.12 17 .5 34 117 . 6 13 .94 = 1.6 11.9 
25 18 839 39.4 = 6 4 .7 19 46.1 4 .93 =0 .8 10.7 19 5 . 63 0.665 =0.11 11.8 19 154 .6 15 .72 = 2.5 10 . 2 
50 19 1073 50 .8 = 8 4.7 19 50.2 4.55 =0.7 9.1 19 5.96 0.563 =0 . 09 9.5 19 199 .5 19 .36 = 3.1 9.7 
75 12 1362 79.9 =16 5.9 15 53.9 4.44 =0.8 8 . 2 14 5.97 0.524 =0.10 8.8 14 240.2 24.41 = 4.4 10.2 
100 19 1665 93.7 =15 5 .6 21 61.3 5 . 18 =0 .8 8 . 5 21 6.58 0.500 =0 .08 7.6 21 277.9 32.91 = 5 .0 11.8 
125 11 2092 110.9 =24 5.3 11 60.7 5.39 =1.1 8.9 11 7.60 0.430 =0.09 5.7 11 318.7 29.38 = 6 .0 9 .2 
150 12 2533 138.6 =28 5.5 12 69.8 7.48 = 1. 5 10.71 12 7 . 82 0.536 =0.11 6 . 9 12 363 .6 35 . 30 = 6 . 9 9 . 7 
Pony No.3-Speed 2.2 mi./hr. = 59.01) meters/min. 
Total Energy Expended, Qo Pulse Rate I Tidal Air, Liters 
--------------------------------
Expt . N M tT P .Em V, % N M tT P.Em V, % N M tT P.Em 
-------------------------
----
Sta.nding 34 260 33 .4 ± 4 12.8 34 41.6 3.70 ±0.4 8.9 34 4.03 0 . 760 ±0 .09 
Walking 37 560 59.0 ± 7 10 . 5 36 47.3 4 . 23 ±0.5 8. 0 34 3.91 0.762 ±0 .09 
25 34 827 85.3 =10 10 .3 34 49 .6 5.51 =0.6 11.1 31 4.01 0.675 =0.08 
50 24 1120 74.3 ±1O 6.6 24 54.1 4.34 ±0.6 8.0 22 4.33 0 .739 ±0.11 
75 17 1401 150.0 ±25 10 . 7 17 60.9 4.36 ±0 . 7 7.2 17 4.86 1 . 149 ±0 . 19 
100 7 1693 128.6 ±35 7 . 6 7 65.7 9.25 ±2 . 5 14.1 7 5.97 1.263 ±0.35 
Colt No. 37-Speed 2.2 mi. /h r. = 59.00 meters/min. 
Total Energy Expended • .00 
-------------
Expt. N M tT P.Em V,% 
----------
Standing 24 550 45.8 ± 6 8.3 
Walking 22 1158 88.9 =13 7.7 
25 16 1461 110 .0 ±19 7 . 5 
50 14 1683 136.7 ±26 8 . 1 
75 10 1927 112.4 ±25 5.8 
100 7 2221 227 . 0 ±63 10.2 
FOOTNOTES 
N ... Number of data points represented in average . 
l:X 
M = Mean =--. 
Pulse Rate 
----------
N M tT P.Em V, % 
-----------
24 51.6 5 .74 ±0.8 11. 1 
22 55.2 6 .08 ±0.9 11.0 
16 56.9 4.97 ±0.9 8 . 7 
14 60.7 5.32 ±1.0 8.8 
10 65.4 4.00 ±0 .9 6.1 
7 62.0 5 . 35 , ±1 .5 8 .6 
N 
... E = .... Jl:X2 _ (Mx)2 
"N "N • = Standard deviation = .6745tT 
P.Em = Probable error of mean = --. 
vN-l 
tT 
V, % = Percent variation = - X 100. 
M 
Tidal Air, Liters 
--------
N M tT P.Em 
--------
23 5.83 0 . 526 ±0.08 
19 6.06 0.746 ±0.12 
16 6.23 0.764 ±0.13 
14 6 . 34 0.437 ±0 .08 
11 6 .46 0.551 ±0.12 
7 6.72 0.991 =0.27 
V, % 
--
18.9 
19 . 5 
16.8 
17.1 
23.6 
21.2 
--
V, % 
--
9 .0 
12.3 
12.3 
6 .9 
8.6 
14.8 
Ventilation Rate, Lit./min. 
----------
N M tT P.Em V. % 
----
------
34 59.1 15.63 ± 1.8 26.5 
34 110 .9 18 .02 = 2.1 16.3 
31 145 . 1 24.23 = 3 .0 16 . 7 
21 180.5 33.65 ± 5.1 18.6 
17 224 . 1 50 . 20 = 8 . 5 22.4-
7 291.0 55 . 33 ±15.2 19.0 
Ventilation Rate, Lit./min. 
----------
N M tT P.Em V,% 
----------
23 114.7 13.0 ± 1.9 11.3 
19 212 .6 36.9 = 5 .9 17.4-
16. 252 .4 29.4 ± 5.1 11.7 
141289 .0 30 . 5 ± 5 . 7 10.6 11 307.7 37.9 ± 8 . 1 12.3 
7 316.4- 31.1 = 8.6 9 . 8 
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important to note that not all of these data were collected at the same 
time. In tables 1 and 3 the data for the 50, 75, 100, 450, 475, and 500 
pounds were obtained about seven months after the other data there 
listed. During this 7-month interval this horse worked very hard on an 
outlying farm, so naturally on his return to the laboratory in the spring 
his performance and efficiency were changed somewhat. This will 
exp1ain the breaks in the continuity of the data (in Tables 1 and 3) 
between 425 and 450 pounds, and between the 100 and 125 pounds 
loads. 
The large horse is seen to have exerted a draft up to 500 pounds. 
The maximum draft pulled by the ponies was 175 pounds which cor-
responds to about 500 lbs. in the 1500 lbs. horse. 
I t is interesting to note in this connection that approximately the 
following drafts (in pounds) are needed to pull a ton load in a wagon on 
the following different roads: new brick pavement 49Ibs.; good concrete 
road 50; worn brick 58; dry packed macadam road 64; dry well-packed 
gravel road 62; dry firm clay road 79; dry packedl cinders 109; dry blue, 
grass sod 185; spongy clay road 200; muddy clay road 233; cornstalk 
field 4461bs. (Data from Missouri Bulletin 237.) 
DEFINITIONS 
Knowing the distance walked and the draft, the work accomplished 
is then computed in any convenient work units such as foot-pounds, 
kilogram-meters or into the equivalent heat energy units, namely, 
calories. The load, or draft, pulled on the treadmill, was of course, 
measured by the weights lifted and occasionally checked by a dynamom-
eter. Knowing the mechanical work accomplished and energy expended, 
the energy cost of the work and also the efficiencies of doing the work 
were computed. 
The term efficieLlcy is defined in general terms as the percentage 
ratio of the energy equivalent of work accomplished to the energy . 
expended for accomplishing the said work. 
As the above definition is rather too general for our purposes we 
therefore present more detailed definitions. It is convenient to have 
these definitions represented symbolically as follows: Let OE, NE, 
and AE represent respectively "gross" or "overall" efficiency, "net" 
efficiency, and "absolute" efficiency; and Q equal the number of Calories 
i. e. kilo-calories. Then the three types of efficiency are represented 
by equations (1), (2), and (3) as follows: 
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Qwa Qwa 
OE = 100 - = 100 ------- (1) 
Qo Qwa + Q. + Qd + Qh 
Qwa Q . .-a 
NE = 100 - = 100 ------- (2) 
Qn Qwa + Qd + Qh 
Qwa Qwa 
AE = 100- = 100--- (3) 
Qa Qwa + Qh 
in which 
Qwa is work accomplished in Calories. 
Qo "overall" or total energy expended for accomplishing the work. 
Qn "net", or total energy expense for accomplishing given work less (main-
tenance energy expense of the resting standing animal). 
Qa "absolute", or total energy expended for accomplishing given work less 
(energy expended while walking at the given speed without the load). 
Q. is the energy of " overhead", or energy expense of maintenance of the standing 
resting animal. 
Qw is the energy expense of walking at a given speed without a load. 
Qd is the increment of walking above standing. (Qd = Qw - Qa). 
Qh is the energy expense involved in connection with converting the potential 
energy in the animal to the kinetic energy of work. However, we shall not 
consider this energy Qh, as we do not know how to evaluate it, unless it be 
by deducting Qwa from Qa. 
It is clear from equations (1), (2), and (3) that the "overall" effi-
ciency, OE, is the percentage ratio of the energy equivalent of work 
accomplished to the total energy expended by the animal while the 
work was being accomplished; that the «net" and "absolute" efficiencies, 
NE and AE, are the ratios of the energy equivalent of work accomplished 
to the total energy expended less, respectively, the energy expended 
during rest and during walking at the given speed without load. 
The energy of maintenance, Qs, is not included in the denomi-
nator of equation (2) because the maintenance cost is, in or.e sense) 
strictly speaking, not a part of the energy of work since this expense 
goes on regardless of whether or not the animal is working. It is for 
this reason referred to as the "overhead" cost. By the same reasoning 
the energy expense, Qw, of mere walking, is from one point of view not 
strictly a part of the work of pulling the load. Hence the classification 
of ~fficiency into "overall" or gross; "net", and "absolute" kinds. 
ANALYSIS OF DATA 
The basic data, including the "gross", "net" and "absolute'~ 
efficiencies of work of pulling different loads at different speeds, as also 
such incidental data as respiration rate, and the tables of statistical 
constants are presented in Tables I, 2, 3, and 4. This section presents 
graphs of the data together with analyses of the significance and im-
plica tions of the numerical results; also equations re presen ting several 
functional relationships. 
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Fig. 4.-"Absolute" energy expended in Calories per hour plotted against draft in pounds (the upper axis presents draft 
in kgs) on arithmetic and logarithmic coordinate paper. The data for the large gelding are on the left, and the data for the 
ponies on the right. The equations of the curves are given on the chart. 
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"ABSOLUTE" ENERGY AND EFFICIENCY 
Of the three types of efficiency defined above, the gross or overall 
efficiency is of the greatest practical interest, but the absolute efficiency 
is of the greatest theoretical significance and it is the simplest, because 
it is not complicated by the "overhead" energy expense of walking or 
resting when no productive work is being accomplished. Walking 
without a load is taken as the base value for the computations. It is> 
therefore, logical to begin the discussion with the simplest, that is> 
with the absolute efficiency. 
1. Absolute Energy Expense as Function of Draft.-The results 
are graphed in Fig. 4 both on arithmetic and logarithmic (inset) grids. 
On the left side the three curves represent the data for the three speeds 
obtained on the 1500 pound Percheron geldirlg. On the right side similar 
data are presented for the ponies. The energy expenditure is seen to be a 
power function of the draft (which is also indicated by the linear distri-
bution of the data on the log-log inset grid). The numerical values of the 
powers increase with increasing speed. Thus in the case of the gelding> 
the values of the powers for the 1.15, 2.2, and 3.1 miles per hour speeds 
are respectively 1.13, 1.16, and 1.28. The fact that the value of the 
exponent exceeds unity indicates that the "absolute" energy expense 
increases at a greater percentage rate than the draft. 
2. Absolute Energy Expense as Function of Horse Power .-The 
work unit, draft or loads pulled at given speeds, may, of course, be 
combined with the speed factor to give power units such as horse-
power, watts, kilogrammeters per minute, or in the equivalent heat 
units per unit of time, that is, calories per minute or hour. Such a combi-
nation was made with the results shown in Fig. 5. In this case, all data 
for all animals and all speeds coincide; and the "absolute'" energy ex-
pended is seen to be directly proportional to the power developed. 
Figure 5 shows that for each horse power of work done, there is an 
"absolute" energy expense by the animal of 1870 kilo-calories per hour 
or for each kilogrammeter per minute of work done, there is an expen-
diture of 0.410 kilo-calories per hour. Since the 1500 pound Percheron 
horse can work at the rate of 3 horse power, therefore, his "absolute'" 
energy expense (i. e., the energy expense above walking without a load) 
is 1870 x 3 = 5610 Calories per hour-a tremendous rate of energy 
expenditure if it is remembered that the overhead cost of resting and 
walking is not included in this expense. It may be noted for comparison 
that according to Fenn (Am. J. Physiol., 1930, 92, 583) the average 
sprinter is turning out work at the rate of 2.95 horse-power (at an effi-
ciency of 22.7%). But this figure on humans includes the total, not 
merely the absolute, power. 
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·0 0.5 10 1.5 2D 2.5 3D 3.5 
HORSE-POWER DEVELOPED (H.P.) 
Fig. 5.-"Absolute" energy expended by the animals as functions of power 
(horse-power) developed. Note that all data for all animals fall on the same straight 
line as given by the equation on the chart. (The upper axis shows the power in kilo-
grammeters per min.) 
3. Absolute Efficiency as Function of Work Accomplished.-
From theoretical considerations and from the distribution of the data 
in Fig. 5, it is readily shown that the absolute efficiency, AE, should be 
constant for all drafts, D, and speeds, S, namely 34.3% 
(AE. = QWll = 1.71S.D _ 1.71S.D. X 100 = 34.3% 
Qa ] 870 H.P. 1870 X 0.002667S.D. 
since Horse Power H. P., = S.D. X 5280 = 0.002667 S.D. 
1,980,000 
5280 Qwa = - X S.D. = 1.71S.D. 1 Cal. = 3087 ft. Ibs.). 
3087 
Actually, as shown in tables 1 and 2, the AE tends to 
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decline somewhat with increasing load. This is probably due to the 
increasing stresses and strains of the muscles concerned in the work, 
and the increasing labors of the cardiorespiratory systems with increasing 
work accomplished. The decline in efficiency is, however, so small that 
the cumulative curve in Fig. 5 does not show it. We shall not plot the 
AE to work ratio, since Fig. 5, together with the numerical values in 
tables 1 and 2, furnish the needed information. 
"N et" Energy and Efficiency 
Just as in the case of "absolute" energy and efficiency, walking 
without a load is taken as the base value for the computations, so in the 
case of net energy and efficiency standing is taken as the base value for 
the computations. It is obvious that the several relations which turned 
out to be quite simple for the absolute energy (Fig. 5), will be complicated 
by the energy expended for walking in the case of net energy and effi-
ciency. The amount of energy expended for walking will, of course, 
vary with the size of the animal and the speed. This is further compli-
cated by the fact that it is not known how to measure the work ac-
complished in moving the body of the animal. In view of these compli-
cations, and since the net energy has neither the theoretical significance 
of the absolute energy nor the practical interest of the overall energy, 
we shall, therefore, not discuss it critically, nor graph the data. The 
numerical data for the net energy are, however, presented in tables 1 
and 2. It is there seen that the net efficiencies are, of course, much 
lower than the absolute efficiencies. The net efficiencies, unlike the 
absolule efficiencies, tend to increase with the size of the load. This is, 
of course, due to the fact that the overhead expense of standing becomes 
relatively smaller with increasing load pulled. 
"Overall" or "Gross" Energy and Efficiency 
The gross or overall energy includes not only the energy of actual 
work accomplished, but also the overhead energy of walking and resting. 
Quantitatively considered, the total energy expended by the animal 
equals to the absolute energy plus the energy during rest, plus the energy 
increment of walking over standing. This is made clear by the following 
equations for net as well as for overall energy expense as function of 
the draft. 
From Fig. 4 one equation relating absolute energy, Qa, to draft D, 
is Qa = 3.08D1.28. The net energy, Qn, is then the absolute energy, 
Qa, together with the energy of walking, Qw, less the energy of standing 
Qs. 
Qn = Q. + Qw - Qs = 3.08S.D.1.28 + Qw - Qs 
The overall energy, Qo, is, of course, the absolute energy together with 
the energy of walking Qo = Qa + Qw = 3.08S.D.1.28+Q\\". 
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1. Overall Energy per Hour as Function of Draft and of Horse 
Power Developed.-We shall not present graphs of these functions 
because the functions relating overall energy expended by the animal 
to the draft or horse power developed are the same respectively as the 
functions presented in Fig. 4 and 5 excepting that it is necessary to add 
to the equations an extra term covering the energy expense of walkirlg, 
Qw. Thus in Fig. 4 for one curve the absolute energy exper.se, Qa, in 
Calories is related to draft, D, in pounds by the equation Qa = 3.08D1.28. 
For overall energy this equation simply becomes Qo = 3.08D1.28+ Qw. 
Likewise, in Fig. 5 the absolute energy, Qa, is related to the horse-power, 
H.P., by the equation Qa = 1870 H.P. For overall energy this equation 
simply becomes Qo = 1870 HP + Qw. 
It may be seen from tables 1 and 2, as it could be predicted from the 
equations in Figs. 4 and 5, that for a given horse power developed, and 
within the physiological limits of small and large horses, the small 
horse turns out the work more efficiently than the large horse. This is, 
of course, only another way of saying that a large horse in order to be 
as efficient as a small horse must turn out more work than the small 
horse, because his overhead cost of mere walking is greater than of a 
small horse. Likewise, and by the same reasoning, increasing the speed 
of work tends to increase the efficiency of the work by reducing the 
overhead cost of maintenance. But, of course, the most efficient speed 
of work, is not necessarily the most practical speed in the long run. 
What is practically warlted is the most efficient speed of work which 
goes with greatest endurance in the long run. 
2. Overall Efficiency as Function of the Ratio of Horse Power 
Developed to Body Weight of Horse.-This is illustrated in Fig. 6. 
The data points for all animals and speeds are seen to be distributed 
along the same general curve which is conveniently represented by the 
exponential equation E = A - Be-kR in which E is the overall effi-
ciency and R is the ratio. Theoretically A and B in this equation should 
have the same numerical values as indicated by the broken curve. But 
practically a better fit is obtained if the value of B is somewhat below 
the value of A. 
From this equation it is clear that the overall efficiency increases 
with increasir.g horse power developed and that this increase in efficiency 
declines exponentially (i.e., at a constant percentage rate) with increase 
of the ratio. It will be noted that as the ratio is increased beyond .001 
there is only a slight increase in efficiency. From the standpoint of 
overall efficiency there would appear to be no practical advantage of 
working a horse beyond this ratio. Practical experience seems to indicate 
that even a ratio this high cannot be maintained for very long periods 
RESEARCH BULLETIN 209 
~CDff~~--~--~--~--~--~--~--~----~ 
~~t-II-t~~t-~~~FT~~ 
2 
-&.aJ 
d 
-
> ~ 
~ 
~ 
"-
""-~ 
~ 
~ 
~ 
B 
Fig. 6:-Function relating the gross or overall efficiency of work with the 
ratio of horse-power developed to weight of horse. Note that data for all 
speeds, loads, and animals coincide. 
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of time. This chart also shows inferentially that for a given horse power 
developed the overall efficiency is greater for small tha·n for large horses; 
for decreasing the weight of the horse increases the value of the ratio in 
Fig. 6 and, therefore, increases the efficiency. But this is only another 
way of saying that for a 2000-lb. horse for example, to work as efficiently 
as a lOOO-lb. horse, the former must do double the work of the latter; 
because, from Fig. 6, in order that the overall efficiency should be the 
. b h h· horse power b h . bo same In ot cases t e ratIo must e t e same In th 
,V t. of horse . 
cases. The work turned out must vary in direct proportion with the 
size of animals in order that the efficiency should remain constant; and 
horse drivers practically aim at such a goal by loading horses in propor-
tion to their body weights. However, it must be recalled that when the 
horses are resting, the large horse consumes more feed for maintenance 
than the small horse, so that while large and small horses may work 
with equally efficiency, the feed , cost of upkeep of the large horse is 
greater than for the small horse. 
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Fig. 7.-Functions relating the gross or oVlerall efficiency with the ratio 
of draft (or load pulled) to body weight of horse. 
In addition to plotting gross efficiency again·st the ratio of horse 
power to body weights of horse, it has also been instructive to have 
plotted the efficiency against the ratio of draft (weight of load pulled) 
to body weight of horse, an,d this was done in Fig. 7. The same type of 
exponential equation as in Fig. 6 represents the data, but the data for 
different speeds do not coincide. This chart merely demonstrates 
concretely what we have said, that increasing the speed increases the 
overall efficiency of the work. 
Fig. 7 also demonstrates that the exponential equation used in Fig. 
6 also represents satisfactorily the relation between gross efficiency and 
the ratio of draft to size of horse. The efficiency of the work increases 
with the increase in this ratio, but the increase in efficiency takes place 
at an exponentially decreasing rate. Practically this means that in-
creasing the draft (load pulled) first increases the overall efficiency very 
rapidly, but that this increase slows down with further · increases in the 
load. Thus the draft beyond 20% of the weight of the horse, increases 
RESEARCH BULLETIN 209 27 
the efficiency very slightly; but up to 10%, the increase in draft increases 
the efficiency quite rapidly. Depending, therefore, on the influence of 
the size of load on the welfare of the animal, the draft should be as 
high as 10% of the weight of the horse. 
3. Overall Efficiency as Function of the Ratio of Overall Energy 
Expended for Work to Energy Expended While Standing at Rest.-
This is illustrated in Fig. 8 for the 1500 lb. horse for the three speeds 
on the left side, and for the ponies on the right side. The rather sudden 
flattening out of the curves, particularly striking in the curves on the 
left side, indicates that for the slowest speed for the 1500 lb. horse the 
maximum efficiency is reached when the total energy expense during 
work is about 4 times the resting energy, and this maximum is reached 
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Fig. S.- Relation between the overall efficiency and the ratio of energy expense during 
work to energy expense during rest. 
rather rapidly. The maximum efficiency is reached more slowly (i. e., at 
higher Qo ratios) for the more rapid speeds. For the heaviest load Q& 
the total energy expense is seen to be about 12 times the energy expense 
during rest (i . e., Qo = 12). The results are so scattered for the ponies Qs 
and colt for the two speeds that one curve was drawn to represent all 
data. 
Relation Between Overall Efficiency and Weight of Horse 
Relations between gross or overall efficiencies and live weights for 
different rates of work are shown in table 5 and Fig. 9. The values given 
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in table 5 and Fig. 9 were computed from the equation OE = 25.0 
22.3e-207 JR in which OE is the overall efficiency for ratios R. R-
H.P. .002667.S.D. h S . . d··l h D· d f . 
-- = were IS spee In ml es per our, IS ra t In 
M M 
pounds, M is live weight of the horse and HP is horse power. Horse 
power is, of course JYJ2667.S X D, and the above equation may be 
written OE = 25 - 22.3e-6.62s~ .. The OE values are computed from this 
equation by holding the power factor, SD, constant while varying the 
live weight, M; and holding the live weight factor constant while varying 
the power factor. By way of simple example, Fig. 9 shows that in order 
that a 1500 lb. horse should have an efficiency of 20%, he must work 
:so that S X D = 400; then the horse pulls 400 pounds at one mile 
per hour, or 200 pounds at 2 miles per hour. 
TABLE 5.-PERCENT OVERALL EFFICIENCY AS A FUNCTION OF BODY WEIGHT OF 
HORSE AT DIFFERENT POWER-FACTOR LEVELS. 
Body Weight of Horse in Ibs. 
500 600 700 800 900 1000 1100 1200 1300 1400 1500 1600 
--------------------25 8.1 7. 3 6 .7 6.2 5.9 5.6 5.3 5.1 5.0 4.8 4.7 4 .5 
50 11.5 10.9 10 .0 9.2 8.6 8.1 7.7 7.3 7.0 6 .7 6.4 6.2 
75 15.3 l3 .8 12 .6 11.7 10 .9 10.3 9.7 9.2 8.8 8.4 8.1 7.8 
"..... 
100 17 .6 16 . 1 14.9 13.8 12 .9 12.1 11 .5 10.9 10.4 10.0 9 .6 9.2 
.. 125 19 .4 17.9 16.7 15 .6 14.7 13 .8 13.1 12.4 11.9 11.4 10.9 10.5 
::! 150 20.7 19.4 18 .2 17.1 16 . 1 15.3 14.5 13 .8 13 .2 12 .6 12.1 11.7 
.. 175 21.8 20 .5 19.4 18 .3 17.4 16.5 15.7 15 .0 14.4 13.8 13.3 12.8 ~";; 200 22 .5 21.5 20.4 19 .4 18.5 17 .6 16 .8 16 . 1 15 .5 14.9 14.3 l3.8 0'" E-<Q 225 23.1 22 . 2 21.2 20.3 19.4 18.6 17.8 17 . 1 16.4 15.8 15.3 14.7 ()X 250 23.6 22.8 21.9 21.0 20 .2 19.4 18 .6 17.9 17 .3 16.7 16 . 1 15.6 
< 275 23 .9 23.2 22.5 21.7 20.9 20.3 19 .4 IS .7 18.1 17 .5 '16 .9 16.4 $1.0 : 300 24.2 23 .6 22.9 22 .2 21.5 20 .7 20.0 19.4 IS.8 18.2 17.6 17.1 ... 
~.Q 350 24 .5 24.1 23 .6 23.0 22.4 21.8 21.1 20.5 20.0 19.4 18.8 18 . 3 ~" 400 24 .7 24.4 24 .0 23.6 23.1 22.5 22.0 21.5 20.9 20.4 19.9 19.4  . .; 450 24 .8 24 .6 24.4 24.0 23 .6 23 . 1 22 .7 22 .2 21.7 21.2 20 .7 20.3 oEl 500 24 .9 24 .8 24.6 24.3 24 .0 23.6 23.2 22 .S 22.3 21.9 21.5 21.0 ~..; 600 
----
24.9 24 .S 24.6 24.4 24 .2 23.9 23 .6 23 . 3 22.9 22 .5 22.2 u 
u 700 
-- -- - ---
24.9 24 .S 24 .7 24 .5 24 .3 24.1 23 .9 23 .6 23.3 23 .0 Po. 800 24.9 24 .8 24.7 24.6 24 .4 24.3 24.0 23.S 23.6 CI) 
---- ---- --- -
'-' 900 24.9 24 .8 24.8 24 .6 24.5 24.4 24.2 24 .0 
---- ---- ---- ----1000 
---- ---- ---- ---- --- -
24 .9 24 .9 24.8 24 .7 24.6 24.4 24.3 
1500 
--- - ---- - --- -- -- ---- ----
25 .0 25.0 25.0 24.9 24.9 24 .9 
2000 
- - - - - - - - - - - - --- - . ---- - --- - ---
25.0 25 .0 25.0 25.0 25 .0 
Tables 5 and Fig. 9 show clearly that for a given power factor, 
SD, the smaller animals are the more efficient; and that the difference 
in superiority of the small horse declines rapidly with mounting levels 
of the power factor. This is understandable since in comparison to 
work accomplished, particularly at the lower levels, the larger animals 
spend more for overhead experlse of maintenance and transportation 
of its heavier body than does the smaller animal. But the la.rger animal 
may be able to make up for this deficiency by turning out proportion-
ately more work, and this is a problem for future investigation. 
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Fig. 9.-The gross or overall efficiency of body weight of horses putting out work 
at different rates indicated by the power-factor levels on the right side of the chart. 
(Power-factor here equals speed in miles per hour times the draft in pounds.) 
Relation Between Heat Production and Cardiorespiratory Activities 
There is, of course, an increase in the cardiorespiratory activities 
with increasing heat production. The numerical data are given in tables 
1 and 2. These data are supplemented by one chart, Fig. 10, indicating 
the relation between heat production and ventilation rate. The function-
al relation between total energy, Qo, expended and ventilation rate V.R. 
is expressed by the equation, Qo = 0.22SV.R.1.57- 190. 'The data points 
for all animals, speeds and loads are seen to follow quite closely the 
curve of the given equation (not rational since it does not pass through 
zero). The distribution of the data of the other cardiorespiratory records 
is much less regular or satisfactory. Since it was not convenient to take 
the pulse rates during walking, they were, therefore, taken immediately 
after the animal stopped-so that the recorded pulse rates are 
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somewhat below the actual value during work. The other cardiorespiratory 
activities, however, were computed from the graphic metabolism 
records so they represent the true state of affairs during rest and work. 
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Fig. to.-Total energy expense ("metabolism") as function of ventilation rate. 
SUMMARY AND CONCLUSIONS 
A simple method is described for measuring the energy expense 
of walking and pulling loads by horses. An extensive body of data, 
together with statistical constants, are presented for the energy cost 
and for the efficiency of work on a horizontal plane of one Percheron 
gelding, one Percheron colt, and two Shetland ponies. Simple, more 
·or less rational, equations are presented relating the energy expense 
and efficiency of work wi th load pulled, speed, horse power developed, 
ratios of horse power to body weight of horse, ratios of load pulled to 
weight of horse, and of similar variables. Data are also presented for 
<:ardiorespiratory activities in horses during standing, walking, and 
pulling loads. 
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The following are the more important conclusions of this investiga-
tion. 
1. The gross, or overall, efficiency of horizon tal pulling of loads 
by horses under the given conditions approaches 25.7% as limit for a 3.1 
mile speed; 24.3% for a 2.2 mile speed and 23% for a 1.15 mile speed. 
These limits were approached .exponentially with respect to the ratio of 
draft. . horse power 
or wIth respect to the ratIo . How-
weight of horse weight of horse 
ever, with respect to the latter ratio the maximum gross efficiency 
was approached following the same path regardless of speed, inasmuch 
as the ratio involving horse power includes the speed factor. The maxi-
mum for this curve is 25%. 
From the equation relating gross efficiency with the ratio 
horse power . . h . h b d hr' f --~-.-, It IS S own, as mIg t e expecte , t at lor gIven rates 0 
body weIght 
work done the energetic effici~ncy of the work decreases with increasing 
size of the horse, but that the differences in efficiency between large and 
smaJl horses decline with increasing amount of work accomplished. 
S· r' . f horse power h . ffi" mce lOr gIVen ratIOs 0 t ere are gIven gross e CienCIes re-
body weight 
gardless of size of horse, therefore, in order that a large horse shall turn 
out work as efficiently as a small horse the ratio of horse power developed 
by the large horse to horse power developed by the small horse must be 
the same as the ratio of size of the large horse to size of the small horse. 
Under these conditions the small and large horse work with the same 
efficiency (as is the case under practical working conditions); but as 
the large animal must have more energy for maintenance wher. resting 
than the small animal, therefore, the total food cost for the large horse 
must be greater in proportion to his work output than the food cost for 
the small horse. 
2. The absolute efficiency was found to be practically constant for 
all speeds, all loads, and all sizes of animals. It is of the order of 34%. 
The absolute energy is a linear function of the horse power developed, 
and is represented by the equation Qa = 1870HP in which Qa is the 
absolute energy and HP is horse power. Data for all animals, speeds 
and loads follow the course given by this equation. But if the absolute 
energy expended by the animal is plotted against the draft, then separate 
logarithmic equations are obtained for each speed. Thus for the largest 
horse walking at 3.1 miles per hour, the equation representing the data is 
Qa = 3.08D1.28 in which Qa is the absolute energy for draft D. The net 
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energy is related to the horse power by the equation Qn = 1870HP + Q., 
in which Q. is the energy expense of standing at rest. Likewise, the gross 
or overall energy is related to the horse power by the equation Qo = 
1870HP + Qw in which OE is the overall efficiency and Qw is the energy 
expense of walking. The net and gross energy expended as functions 
of draft may be obtained from the functions relating absolute energy 
with draft by including the energy expense of standing or walking. 
3. The cardiorespiratory activities naturally increase with in-
creasing heat production. The most orderly and consistent correlation 
is between ventilation rate (V.R.) and overall heat production (Qu) 
represented (Fig. 10) by the equation Qo = O.2~5V.R.1.51_190. 
